Background In view of the limitations of survey-based demographic techniques for infant mortality estimation, the current strategy of some developing countries is to improve vital information. This article presents recent progress in the improvement of national databases in Brazil. The most important problem refers to deaths with undetermined causes, mainly in the North-east. The proactive search of infant deaths showed large deficiencies of vital information in areas of extreme poverty: from 520 infant deaths found in the study, only 175 (33.7%) were reported to the Mortality Information System.
Introduction
Due to the close relationship between infant mortality and the socioeconomic and health conditions of a population, the infant mortality rate (IMR) has been widely used to compare health status among countries. However, in spite of the broad use of this health indicator, most developing nations are unable to produce such estimates with a satisfactory level of reliability and timeliness. Defined as the number of infant deaths per 1000 live births, the direct estimation of the IMR depends on complete registration of infant deaths and births.
The difficulty in obtaining accurate estimates of the IMR has encouraged the methodological development of demographic procedures for its estimation. 1 The indirect estimation techniques were originally proposed by Brass 2 and then adapted throughout the years. [3] [4] [5] [6] These methods are based on the conversion of the proportions of children dead, classified by the mother's 5-year age-groups, into probabilities of dying between childbirth and different ages of childhood. 7 Since the 1970s, the inclusion of specific questions for the indirect measuring of mortality in censuses and household surveys in many Latin American countries have become standard procedure. 8, 9 More recently, survey-based methods have increasingly adopted direct estimation procedures based on complete birth histories collected from women of reproductive age. The direct estimation technique is based on a life table approach, where the probabilities of dying are estimated from mothers' reports on birth and death dates of their children and the number of children of a particular age exposed to the risk of dying during a specified period. 10 The Demographic and Health Surveys (DHS) employ a variant of this method known as the synthetic cohort life table approach and produce estimates for the periods 0-4, 5-9 and 10-14 years preceding the survey, which refer to mortality rates at interval midpoints of 2.5, 7.5 and 12.5 years before the survey, respectively. The procedure is, however, subject to recall bias and results in progressive underestimation of mortality rates with increased years before the study, since misreporting of birth and death dates are likely to occur more frequently as time goes by.
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Although the survey-based estimates facilitated the availability of approximate levels of the IMR in many developing countries, the quality of the statistics from this source depends heavily on the sample size, the design of the study and the way the survey is carried out. Despite the fact the estimates are provided by samples, they are often treated as population parameters without estimation of the error of point estimates. 12 In general, because of insufficient sample size, the estimation techniques cannot be applied to small geographic areas, limiting the identification of areas with more child health problems. In addition, infant mortality estimates are not of a continuous nature as survey-based methods provide point estimates that refer to a period that is typically 2-3 years before the survey took place and the immediate evaluation of health actions and programmes is much more constrained. 13 The variability of the indirect estimates according to the adopted system of model life tables 14 or the method of estimation 15, 16 is another problem when estimating infant mortality by indirect demographic techniques. This hinders the interpretation of time trends and the knowledge of the real level of infant mortality in the population under study. 17, 18 In view of the limitations of the survey-based demographic techniques and the need to monitor IMR, some countries are investing heavily in improving their vital information systems. This article reports on recent efforts to improve national databases being adopted in Brazil, seeking to contribute to the debate on infant mortality estimation in countries with incomplete vital statistics.
Methods

Historical process
Brazil is politically and geographically divided into five distinct regions (North, North-east, South-east, South and Center-West) with varied physical, demographic and socioeconomic characteristics. The North and the North-east have the worst levels of socioeconomic development. The South-east is the most important region from the economic standpoint and retains 44% of the population, including São Paulo and Rio de Janeiro states. The South occupies the smallest territorial area, representing 14% of the total population and has the highest levels of education and development. The Center-West, where the capital (Brasilia) is located, has an intermediate level of socioeconomic development and presents an accelerated pace of progress.
The country is comprised of a federal district (the seat of the government), and 26 states that are subdivided in 5564 municipalities. The population size of each municipality varies widely: the smallest municipality has 688 inhabitants and the largest, São Paulo, has over 11 million population. Only 249 municipalities have more than 100 000 inhabitants, yet they contain 50% of the population.
The Brazilian Ministry of Health has set up two vital information systems: the Mortality Information System, created in 1976 based on death certificates, and the Live Birth Information System, created in 1994, which provides information on birth conditions and mothers' characteristics. The data are openly available at the government health data internet site disaggregated by municipality (www.datasus.gov.br).
The recognition of the importance of monitoring vital information, along with the easy access to such data, has resulted in a substantial increase of the coverage and quality of both systems over the two last decades. 19 However, due to the persistent incompleteness of vital registration systems in the less developed regions (North and North-east), it is still not possible to estimate the national IMR directly.
In the 1990s, the Ministry of Health implemented a series of programmes focused on reducing infant mortality. The Family Health Program became the national policy for primary care, giving priority to municipalities with the worst socioeconomic levels located in the North and North-east. The implementation of these programmes at the municipality level has led to the need for evaluation of their impact on local populations. Estimation of infant mortality and the monitoring of time trends became, therefore, essential in very poor areas with deficient vital information.
IMPROVING THE MONITORING OF VITAL EVENTS IN BRAZIL
In 1998, by request of the Ministry of Health, IMRs were estimated by indirect demographic techniques in all Brazilian municipalities with more than 80 000 inhabitants, 20 including those with adequate vital information. In these areas, due to the methodological procedure employed, the indirect rates overestimated the true values. As local governments were developing specific actions to reduce the IMR, these high indirect estimates had a very negative impact on morale. Health professionals and researchers were opposed to using these estimates and addressed a manifest to the Ministry of Health. 21 Presently, the strategy adopted by the Ministry of Health is to improve the vital information systems, focusing on the quantitative aspect (coverage), the regularity of data and the quality of information. As part of this process, since 2001, studies have been conducted to analyse the adequacy of the death and live birth information at the municipal level.
Analysis of vital information at the municipality level
For the analysis of vital information, the data sources are the Mortality Information System and the Live Birth Information System. The analysis of adequacy is based on the following five indicators calculated at the municipality level, per 3-year period: 22, 23 Age-standardized mortality rate This indicator is used to identify problems in the completeness of the Mortality Information System. Low values indicate deficiency in death information. For comparative reasons, the age-standardized mortality rate per 1000 inhabitants is used, considering the total Brazilian population as the standard population.
Relative mean deviation of the crude mortality rate This indicator is used to identify temporal irregularities in death information. As only small variations are expected within a period of 3 years, high values are considered critical. This indicator is calculated as the mean deviation from the crude mortality rate (CMR) obtained in the 3-year period:
Ratio of informed-to-estimated live births This indicator is used to identify problems in the completeness of the Live Birth Information System. The estimated number of live births is based on the number of children under 1-year-old resulting from population projection methods and is available for all Brazilian municipalities. Low values indicate underreporting of live births.
Relative mean deviation of the crude birth rate Analogously to the mortality indicator, the relative mean deviation of the crude birth rate is used to monitor temporal irregularities in the live birth data. As only small variations are expected in a period of 3 years, high values are considered critical.
Proportion of deaths with undetermined causes
This indicator is calculated as the number of deaths with undetermined causes ('Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified', ICD 10 R90-R99) divided by the total number of deaths. It is used as a tracer of death information quality. In Brazil, eight states are judged to have adequate vital information. 24 Based on the five indicator distributions in the municipalities of these eight states, criteria for the adequacy of vital information are established for the remaining Brazilian municipalities for every 3-year period. The cut-off points for the age-standardized mortality rate and for the ratio of reported-to-estimated live births are established by the 10% percentile and for the three other indicators by the 90% percentile. Due to the larger variation of data in small municipalities, the critical limits are established by population size category (less than 50 000 population; 50 000 population and over).
Based on these criteria, all Brazilian municipalities are classified every 3 years according to their adequacy in each of the following three dimensions: (i) live births-adequate ratio of reported-to-estimated live births and relative mean deviation of the crude birth rate; (ii) mortality-adequate age-standardized mortality rate and relative mean deviation of the CMR; (iii) quality of the mortality informationadequate proportion of deaths with undetermined causes. The results are available on the internet. 25 
Proactive search of infant deaths
To complement the analysis of adequacy of vital information at the municipality level, a proactive search of infant deaths was carried out in 2001 in eight selected areas located in six states of the North and North-east where the criteria described above suggested that information was very deficient. Each selected area was composed of contiguous municipalities comprising in total a population of at least 50 000. All selected municipalities presented age-standardized mortality rate less than 4 per 1000 inhabitants and Family Health Program coverage higher than 90%. The study sought to identify infant deaths not reported to the Mortality System and failures in the processes of death certification and notification. 26 The following sources of information were used in the survey: public notary office; official and unofficial cemeteries; health facilities (hospital patient records); health workers employed by the Community and Family Health Programs; key informants such as traditional midwives, community leaders, healers, faith healers; funeral homes and pharmacies.
Data were collected with a standardized instrument, comprehending foetal and non-foetal infant deaths (<1-year-old) that occurred between January 1 and December 31, 2000 in the selected municipalities. Foetal deaths were included in the analysis for subsequent validation of the type of death. Infant deaths identified at the local level were made available to the Municipality Health Departments, which were then requested by the Ministry of Health to emit and process the missing death certificates.
Results
In Table 1 , results of the analysis of vital information adequacy are presented by region in the last period with available data (2003-05). The analysis shows that the highest level of information adequacy has been achieved by the Live Birth Information System: 80.3% of municipalities, representing 87.3% of the Brazilian population, have adequate live birth data. Regarding mortality information, 63.6% of municipalities, representing 77.9% of the population, have satisfactory levels of information.
The analysis of mortality information adequacy shows the pronounced differences between regions: the percentage of population with satisfactory data is <60% in the North but 480% in the Center-South. Deaths ascribed to undetermined causes showed greater variability; the percentage of municipalities classified as adequate for this indicator is only 25.3% in the North-east, compared with 92.1% in the South (Table 1) .
In Table 2 , time trends of the adequacy indicators are presented. The analysis of the 5 and 10% percentiles of the age-standardized mortality rate and of the ratio of informed-to-estimated live births indicates an improvement in the coverage level of both information systems. In the first period studied (1996-98), 10% of the Brazilian municipalities presented mortality rates lower than 1.96/1000 and proportions of reported live births less than 0.29. In 2003-05, the 10% percentiles increased to 4.13 and 0.63, respectively. As for data regularity, the analysis of the 90 and 95% percentiles of the relative mean deviations for deaths and live births also shows important changes for the better. Regarding the quality of mortality data, represented by the percentage of deaths with undetermined cause, the time series also show decreasing trends, although at a much slower pace than the other indicators.
In Table 3 , the results of the proactive infant death search are presented. From the 520 infant deaths found by the study in the sample of municipalities with very deficient information, only 175 (33.7%) were reported to the Mortality Information System. For the municipalities located in the North-east, Community and Family Health Program reports were the best information source, in which 52% of infant deaths were identified. Health facilities came next, accounting for 28.2% of all deaths reported. In the North, hospital records provided the best information source, followed by official and unofficial cemeteries. It is worth noting that, of all deaths located within the health system (Family Health Program or hospital records), only 22% in the North and 33% in the North-east were reported to the Mortality Information System.
Discussion
In Brazil, vital information systems have shown clear advances in the expansion of coverage as well as improvements in disseminating information and facilitating access to data. The possibility of examining death and live birth information at the municipality level has created new opportunities for monitoring vital events and identifying local irregularities. In this process, criteria were established not only to detect flaws in the sources of information, but also to identify areas with satisfactory notification of vital statistics, which allowed us also to reveal inconsistencies in indirect estimates. 22 In the most recent period with available information (2003-05), the analysis indicated that almost 80% of the Brazilian population lives in areas with satisfactory levels of death information. In terms of coverage, however, we point out that the proposed indicators perform well in identifying municipalities with deficient vital information but cannot estimate the completeness of death registration. The establishment of uniform national criteria is another limitation of the method, in view of the diversity of demographic The sum of the number of infant deaths does not equal the total because some deaths were found in multiple sources. patterns that can be found in Brazil. Further, since the indicators depend on population projections, the adequacy results are affected by the age-group population estimates, which are still based on the last available census information (in the present case, the year 2000). This is more of a problem for the estimated number of live births as the fertility rate is decreasing very quickly in Brazil.
To address these limitations, the criteria are being refined as the adequacy of information progresses. An example of refinement was the establishment of different cut-off points by municipality population size. 23 Currently, we are in the process of comparing indirect and direct estimates in municipalities with large populations. Special investigations will be conducted in municipalities with important discrepancies.
The results of the monitoring process show the marked health inequalities in the Brazilian population, observed not only in the different levels of the IMR throughout the country, 27 but also by the adequacy of vital information. The problems of IMR estimation are more intense precisely in the areas with the worst health conditions, which have larger deficiencies of information and deserve special care. The proactive search of infant deaths showed, in fact, important deficiencies of vital information and revealed pictures of extreme poverty, such as children buried in household backyards and unofficial cemeteries. The main flaws found in the process of issuing death certificates and reporting infant deaths were: occurrence of deaths without the completion of standardized forms; absence of strategies for certification in cases of household deaths in rural regions; incorrect classification of foetal and neonatal deaths; completion of death certificates by non-doctors; problems with the flow and transfer of local data to the national database and lack of perception of the importance of death registration by the local community, including community health workers. 26 Corroborating the Brazilian results, lack of recognition of the importance of documentation is one of the main reasons of vital event underreporting in many other developing countries. In the case of infant deaths, illegal burials without completion of death certificates are even more frequent. Studies conducted in rural communities of South Africa and Mexico showed limited maternal knowledge about the importance of reporting infant deaths, as well as the lack of clarity regarding the registration procedures. Long distances from public notary offices and small population size were other factors related to a higher percentage of underreporting. 28, 29 Another interesting finding in the proactive search was the high percentage of infant deaths found in sources within the health system, such as hospital records and Family Health Program reports, but not reported to the Mortality Information System. This result indicates the need for strengthening the relationship between health care and health information systems.
The better quality of information in municipalities covered by the Family Health Program 30 confirms the importance of integrating different health information systems to improve the quality of data. Further, the improvement of the vital information systems among small municipalities in the less developed regions of the country made possible the evaluation of the impact of child health programmes implemented in the 1990s. [31] [32] [33] Additional evidence of advances in infant death notification is provided by Frias and collaborators. 26 Their study compared the mean number of infant deaths reported to the Mortality Information System in the 4 years before and after the process of proactive search. Three of the areas showed an increase of more than 100%, another four showed some, but less marked improvement and only one showed a reduction.
Currently, in municipalities with deficient mortality data, the proactive search of infant deaths in health facilities is officially included as one component of the Mortality Information System. Especially in rural zones, collecting deaths from the civil public notary office has been shown to be insufficient. [34] [35] [36] Although the coverage of the Mortality Information System has increased, deaths due to undetermined causes are still a problem in Brazil. Methods have been proposed to improve the quality of mortality data by the linkage of the Mortality Information System with the Hospitalization Information System, which provides data on the cause of hospitalizations. This would allow collection of information on deaths that occurred in public hospitals. Currently, proposals for analysing verbal autopsy data 37 are being discussed by the Brazilian government.
Apart from the discussions on the limitations of survey-based demographic techniques, this work makes it clear that the monitoring of vital events constitutes an essential step in the process of reducing infant mortality. The analysis of local irregularities not only improves the quality of vital information, making it possible to monitor infant mortality over time, but also identifies priority geographic areas for intervention 38 and supports the development of public policies and local strategies focused specifically on infant mortality reduction.
